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ABSTRACT
$VSDUWDWHDPLQRWUDQVIHUDVHLVRQHRIELRORJLFDOLQGLFDWRULQJLQJLYDOFUHYLFXODUÀXLG&*))RUFHRUWKRGRQWLF
DSSOLFDWLRQFRXOGLQFUHDVHDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVHLQ&*)+RZHYHUWKHLQFUHDVHDFWLYLW\RIDVSDUWDWH
DPLQRWUDQVIHUDVHLQVDOLYDGXHWRRUWKRGRQWLFIRUFHDQGLWVFRUUHODWLRQEHWZHHQDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\
DQGWRRWKPRYHPHQWUHPDLQVXQFOHDUObjectives:7RHYDOXDWHDSSOLFDWLRQRUWKRGRQWLFIRUFHRQWKHDVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\LQVDOLYDEDVHGRQWKHGXUDWLRQRIIRUFHDQG¿QGLQJFRUUHODWLRQEHWZHHQWRRWKPRYHPHQW
DQGDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\Methods:7ZHQW\VDOLYDVDPSOHVFROOHFWHGEHIRUHH[WUDFWLRQRI¿UVWSUHPRODU
DWWKHWLPHRIIRUFHDSSOLFDWLRQIRUFDQLQHUHWUDFWLRQDQGDIWHUIRUFHDSSOLFDWLRQ7KHFDQLQHVUHWUDFWLRQXVHG
JUDPVRILQWHUUXSWHGIRUFHPRGXOHFKDLQIRUWKLUW\GD\V7KHFROOHFWLRQRIVDOLYDDQGWKHPHDVXUHPHQWRIWRRWK
PRYHPHQWZHUHFDUULHGRXWGD\GD\VGD\VGD\VDQGGD\VDIWHUIRUFHDSSOLFDWLRQ7KHPHDVXUHPHQWRI
DVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\LQVDOLYDZDVGRQHXVLQJVSHFWURSKRWRPHWHUResults:$SSOLFDWLRQRIRUWKRGRQWLF
IRUFHLQÀXHQFHVWKHVDOLYDU\DVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\) p )XUWKHUPRUHWRRWKPRYHPHQW
FRUUHODWHGZLWKDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\) p Conclusion:  Aspartate  aminotransferase  
DFWLYLW\FRXOGEHXVHGDVWRRWKPRYHPHQWLQGLFDWRUWKDWUHODWHGWRWKHGXUDWLRQRIIRUFHDSSOLFDWLRQ
ABSTRAK
Efek  pergerakan  gigi  pada  perawatan  ortodonti  pada  aktivitas  aspartat  aminotransferase  saliva.  Aspartat  
DPLQRWUDQVIHUDVHPHUXSDNDQVDODKVDWXLQGLNDWRUELRORJLV\DQJGLOHSDVNDQNHGDODPFDLUDQFHODKJXVL$SOLNDVL
JD\DRUWRGRQWLSDGDJLJLGDSDWPHQLQJNDWNDQDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGDODPFDLUDQFHODKJXVL1DPXQ
SHQLQJNDWDQDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGDODPFDLUDQVDOLYDDNLEDWJD\DRUWRGRQWLEHOXPGLNHWDKXL  
Tujuan: PHQJHYDOXDVLGXUDVLSHPEHULDQJD\DRUWRGRQWL WHUKDGDSDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGL
GDODPVDOLYDEHUGDVDUNDQGXUDVLSHPEHULDQJD\DPHQJHYDOXDVLNRUHODVLMDUDNSHUJHUDNDQJLJLGHQJDQDNWLYLWDV
DVSDUWDWDPLQRWUDQVIHUDVH  Metode:3HQJXPSXODQVDPSHOVDOLYDVXEMHNGLODNXNDQVHEHOXPSHQFDEXWDQJLJL
SUHPRODUSHUWDPDVHEHOXPGDQVHVXGDKSHPEHULDQJD\DXQWXNSHQDULNDQNDQLQXVNHGLVWDO3HQDULNDQNDQLQXV
menggunakan  gaya  interruptedmodule  chain)VHEHVDUJVHODPDKDUL3HQJDPELODQVDOLYDGDQSHQJXNXUDQ
MDUDNSHUJHUDNDQJLJLNDQLQXVGLODNXNDQKDULKDULKDULKDULGDQKDULVHWHODKSHPEHULDQJD\D
3HQJXNXUDQDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGDODPVDOLYDPHQJJXQDNDQDODWVSHNWURIRWRPHWHU  Hasil:+DVLO
SHQHOLWLDQPHQXQMXNNDQSHPEHULDQJD\DRUWRGRQWLGDSDWPHPSHQJDUXKLDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGDODP
VDOLYD) p -DUDNSHUJHUDNDQJLJLEHUNRUHODVLGHQJDQDNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVH) 
p   Simpulan:DNWLYLWDVDVSDUWDWDPLQRWUDQVIHUDVHGDSDWGLJXQDNDQVHEDJDLLQGLNDWRUMDUDNSHUJHUDNDQJLJL
EHUGDVDUNDQGXUDVLSHPEHULDQJD\D
Keywords:DVSDUWDWHDPLQRWUDQVIHUDVHLQGLFDWRURUWKRGRQWLFIRUFHWRRWKPRYHPHQW
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INTRODUCTION
7KHDSSOLFDWLRQRIRUWKRGRQWLFWRRWKIRUFHDOZD\VLQ
YROYHVDFXWHLQÀDPPDWLRQUHVSRQVH7KHDSSOLFDWLRQ
RIRUWKRGRQWLFIRUFHFDXVHVDUHGXFWLRQRIEORRGÀRZLQ
WKHSHULRGRQWDOOLJDPHQWUHGXFHGDQGFDXVHVDUHOHDVHRI
LQÀDPPDWRU\PHGLDWRUV,QÀDPPDWRU\PHGLDWRUVZLOODF
WLYDWHRVWHRFODVWDQGRVWHREODVW7KHIXQFWLRQRIRVWHRFODVW
LVWRUHVRUSWKHERQHZKLOHRVWHREODVWLVIRUPLQJQHZERQH
Activity  of  osteoclasts  and  osteoblasts  can  be  detected  
WKURXJKELRORJLFDOLQGLFDWRULQJLQJLYDOFUHYLFXODUÀXLG  
Aspartate  aminotransferase  is  a  biological  indicator  of  
WRRWKPRYHPHQWWKDWUHOHDVHGLQWRWKHJLQJLYDOFUHYLFXODU
ÀXLG  Aspartate  aminotransferase  is  an  enzyme  found  in  
YDULRXVWLVVXHVWKLVHQ]\PHXVXDOO\ORFDWHGLQWKHOLYHU
DQGKHDUW$VSDUWDWHDPLQRWUDQVIHUDVHIRXQGLQWKHF\WR
SODVPDQGUHOHDVHGZKHQFHOOVXQGHUJRGHDWK5  Trauma  on  
SHULRGRQWDOWLVVXHZRXOGVWLPXODWHWKHUHOHDVHRIDVSDUWDWH
DPLQRWUDQVIHUDVHLQWRJLQJLYDOFUHYLFXODUÀXLG  Aspartate  
DPLQRWUDQVIHUDVHDFWLYLW\KDVEHHQXVHGDVDQLQGLFDWRU
for  bone  remodeling  and  progression  of  periodontal  dis
HDVH63UHYLRXVUHVHDUFKVKRZHGDQLQFUHDVHRIDVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\LQJLQJLYDOFUHYLFXODUÀXLGRQ
SDWLHQWZLWKSHULRGRQWDOGLVHDVHOne  study  proved  
WKDWWKHLQFUHDVHGDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVH
DOVRIRXQGRQSDWLHQW¶VVDOLYD56HYHUDOVWXGLHVLQWKH¿HOG
RIRUWKRGRQWLFKDYHDOVRSURYHGDQLQFUHDVHLQDVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\LQWKHJLQJLYDOFUHYLFXODUÀXLG
GXHWRRUWKRGRQWLFIRUFH*LQJLYDOFUHYLFXODUÀXLG
FROOHFWLRQKDVOLPLWDWLRQVEHFDXVHLWUHTXLUHVDFHUWDLQ
VNLOOWREHDEOHWRJHWDFFXUDWHUHVXOWV7KLVOLPLWDWLRQLV
GXHWRWKHVPDOOTXDQWLW\RIJLQJLYDOFUHYLFXODUÀXLGDQG
DOVRSURQHWRFRQWDPLQDWLRQRIWKHEORRG
6DOLYD LV VHFUHWHGDERXWPO WRPOSHUGD\
LQWRRUDOFDYLW\15  Saliva  can  be  used  as  an  indicator  
RISHULRGRQWDOGLVHDVHJLQJLYLWLVDQGFDULHVEHFDXVHLW
FRQWDLQVDYDULHW\RIHQ]\PHVKRUPRQHVDQWLERGLHV
DQWLPLFURELDODQGJURZWKIDFWRUV WKDWDUHVLPLODU WR
EORRGVHUXP7KHVHFRPSRQHQWVDUHGHULYHGIURPEORRG
YHVVHOVDURXQGVDOLYDU\JODQGV7KH\VHFUHWHGLQWRVDOLYD
WKURXJKWUDQVFHOOXODUSURFHVVLQWUDFHOOXODUSDVVLYHGLIIX
VLRQDQGDFWLYHWUDQVSRUWDQGSDUDFHOOXODUH[WUDFHOOXODU
XOWUD¿OWUDWLRQ7KHUHIRUHWKH\UHSUHVHQWWKHFRPSRQHQWV
LQWKHEORRGVHUXP168QWLOQRZOLWWOHLVNQRZQZKHWKHU
WKHLQFUHDVHDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVHLV
UHODWHGWRRUWKRGRQWLFIRUFH0RUHRYHUWKHFRUUHODWLRQ
EHWZHHQDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVHZLWK
WRRWKPRYHPHQW LVXQFOHDU 7KLVUHVHDUFKDLPHGWR
HYDOXDWHWKHHIIHFWRIRUWKRGRQWLFIRUFHDSSOLFDWLRQRQ
salivary  aspartate  aminotransferase  activity  in  relation  to  
RUWKRGRQWLFDSSOLFDWLRQDQGGLVWDQFHRIWRRWKPRYHPHQW
METHODS  
7KLVZDVDFOLQLFDOH[SHULPHQWDOUHVHDUFKFRQVLVWHGRI
VHULDOREVHUYDWLRQVWRGHWHUPLQHWKHHIIHFWRIRUWKRGRQWLF
force  on  salivary  aspartate  aminotransferase  activity  and  
WRH[DPLQHWKHFRUUHODWLRQEHWZHHQWRRWKPRYHPHQWDQG
DVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\7ZHQW\RUWKRGRQWLF
SDWLHQWVZHUHLQIRUPHGFRQVHQWHGWRSDUWLFLSDWHLQWKLV
VWXG\YROXQWDULO\
7KHLQFOXVLRQFULWHULDZHUHJRRGRUDOK\JLHQHJRRG
SHULRGRQWDOWLVVXHDQGQRJLQJLYDOUHFHVVLRQQRERQH
UHVRUSWLRQH[WUDFWLRQRIPD[LOOD¿UVWSUHPRODUVDQG
FDQLQHUHWUDFWLRQDUHUHTXLUHGDVSDUWRIWKHRUWKRGRQWLF
WUHDWPHQWDJUHHDQGVLJQWKHLQIRUPHGFRQVHQW7ZHQW\
VDOLYDVDPSOHVZHUHFROOHFWHGDWVHYHUDO WLPHSRLQWV
EHIRUHH[WUDFWLRQRI¿UVWSUHPRODUDWWKHWLPHRIIRUFH
application  for  canine  retraction  and  after  force  applica
WLRQ7KHFDQLQHUHWUDFWLRQZDVGRQHXVLQJJUDPV
RI LQWHUUXSWHGIRUFHPRGXOHFKDLQIRU WKLUW\GD\V
7KHFROOHFWLRQRIVDOLYDDQGWKHPHDVXUHPHQWRIWRRWK
PRYHPHQWZDVSHUIRUPHGDWDQGGD\V
DIWHUIRUFHDSSOLFDWLRQ)LJXUH$IWHUFROOHFWLRQ
VDOLYDZDVVWRUHGLQo&IUHH]HU6DOLYDU\DVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\ZDVPHDVXUHGE\VSHFWUR
SKRWRPHWHU5HDJHQWRI/FRQWDLQHG7ULVEXIIHU
S+PPRO//$VSDUWDWHPPRO/0'+
8//'+8/ZDVLQFXEDWHGDW&IRU
PLQUHDJHQW2NVDORJOXWDUDWDQG1$'+DQGLQ
FXEDWHGDW&IRUDOVRPLQDGGHGVDPSOHRI/
WKHQDFWLYLW\ZDVPHDVXUHG  7RRWKPRYHPHQWZDVWKH
GLVWDQFHEHWZHHQWKHGLVWDOODWHUDOLQFLVRUEUDFNHWWRWKH
mesial  canine  bracket  before  and  after  force  application  
DQGZDVPHDVXUHGXVLQJDVOLGLQJFDOLSHU
7KHGDWDZDVDQDO\]HGXVLQJ.ROPRJRURY6PLUQRYIRU
QRUPDOLW\WHVW$QDO\VLVRIYDULDQFHZDVXVHGWRHYDOX
DWHWKHHIIHFWRIWKHGXUDWLRQRIRUWKRGRQWLFIRUFHRQWKH
VDOLYDU\DVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\DQGWKH
GLVWDQFHRIWRRWKPRYHPHQW,IWKHUHLVDQ\VLJQL¿FDQW
GLIIHUHQFHZDVIRXQGWKHDQDO\VLVZDVFRQWLQXHGZLWK
PXOWLSOHFRPSDULVRQVWHVWXVLQJ+6'7XNH\3HDUVRQ
FRUUHODWLRQWHVWZDVXVHGWRVHHWKHFRUUHODWLRQEHWZHHQ
WKHGLVWDQFHRIWRRWKPRYHPHQWGXUDWLRQRIIRUFHDS
SOLFDWLRQDQGDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLWLHV
6XEMHFW
After  1
day
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Figure   1.  Working   diagram   for  measuring   aspar tat  
aminotransferase  activity
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Figure  2.  :RUNLQJGLDJUDPIRUPHDVXULQJWRRWKPRYHPHQW
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Figure   3.0HDQ DQG VWDQGDUG GHYLDWLRQ RI DVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\8/
Figure  4.  0HDQDQGVWDQGDUGGHYLDWLRQRIWRRWKPRYHPHQW
PP
Table  1.  3HDUVRQ&RUUHODWLRQEHWZHHQDVSDUWDWHDPLQRWUDQV
IHUDVHDFLWYLW\WRRWKPRYHPHQWDQGGXUDWLRQRIIRUFH
Duration Tooth  
movement
AST  activity
'XUDWLRQ  U 
p 
U 
p 
7RRWKPRYHPHQW U 
p 
 U 
p 
AST  activity U 
p 
U 
p 

VLJQL¿FDQW p
7KLVVWXG\VKRZHGWKDWDVSDUWDWHDPLQRWUDQVIHUDVH
DFWLYLWLHVUHDFKLWVSHDNLQGD\V  after  application  of  
RUWKRGRQWLFIRUFH)LJXUH7RRWKPRYHPHQWVUHDFKLWV
SHDNDOVRLQGD\VDIWHUWKHDSSOLFDWLRQRIRUWKRGRQWLF
IRUFH)LJXUH1RUPDOLW\WHVWGDWDE\.ROPRJRURY
6PLUQRYVKRZHGQRUPDOGLVWULEXWLRQRIGDWD7KH¿UVW
K\SRWKHVLVZDVWR¿QGRXWZKHWKHUWKHGXUDWLRQRIIRUFH
DIIHFWVWKHDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVH7KLV
ZDVWHVWHGE\RQHZD\$129$7KHUHVXOWVKRZHGWKDW
WKHUHZHUHVLJQL¿FDQWGLIIHUHQFHVEHWZHHQGXUDWLRQ
RIIRUFHZLWKWKHDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\
) p 7DEOH
7KHQH[WK\SRWKHVLVZDV WR ILQGRXWZKHWKHU WKH
GXUDWLRQRI IRUFHDIIHFWV WKH WRRWKPRYHPHQW7KLV
ZDVWHVWHGE\RQHZD\$129$7KHUHVXOWVKRZHG
WKDW WKHUHZHUHVLJQL¿FDQWGLIIHUHQFHVEHWZHHQ WKH
GXUDWLRQRIIRUFHZLWKWKHWRRWKPRYHPHQW) 
p 7DEOH7KHODVWK\SRWKHVLV ZDVWR¿QG
RXWWKHFRUUHODWLRQEHWZHHQWKHDFWLYLW\RIDVSDUWDWH
DPLQRWUDQVIHUDVH WRRWKPRYHPHQWDQGWKHGXUDWLRQ
RI IRUFH7KLVZDV WHVWHGE\3HDUVRQ FRUUHODWLRQ
DQDO\VLV7KHUHVXOWVKRZHGWKDWWKHUHZHUHFRUUHODWLRQ
DPRQJGXUDWLRQRIIRUFH WRRWKPRYHPHQW U 
p DQGDVSDUWDWHDPLQRWUDQVIHUDVHDFWLYLW\
U p  ,W DOVR VKRZHG WKDW DVSDUWDWH
DPLQRWUDQVIHUDVHDFWLYLW\FRUUHODWHGZLWKWKHGLVWDQFH
RIWRRWKPRYHPHQWU p 7DEOH
DISCUSSION
7KH VWDWLVWLFDO WHVWV VKRZHG WKDW WKH DVSDU WDWH
DPLQRWUDQVIHUDVHDFWLYLW\LVDIIHFWHGE\WKHGXUDWLRQ
RIRUWKRGRQWLFIRUFH0RUHRYHUVWDWLVWLFDOWHVWUHVXOWV
DOVR VKRZHG WKHUHZHUH VLJQLILFDQWGLIIHUHQFHV LQ
aspartate  aminotransferase  activity  before  and  after  
EUDFNHWERQGLQJ7KHUHVXOWVRIWKHSUHVHQWVWXG\ZDV
LQOLQHZLWKUHVHDUFKFRQGXFWHGSUHYLRXVO\7KHUHDVRQ
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ZDVGXHWRVWLPXODWLRQRISODTXHUHWHQWLRQDWWKHEUDFNHW
ZKLFKFDXVHJLQJLYDOLQÀDPPDWLRQ
7KLV UHVHDUFKVKRZHGWKDW WKHDFWLYLW\RIDVSDUWDWH
DPLQRWUDQVIHUDVHLQFUHDVHGVLJQL¿FDQWO\GD\VDIWHU
IRUFHDSSOLFDWLRQ6LPLODU¿QGLQJZDVDOVRVKRZQ
E\ SUHYLRXV UHVHDUFK XVLQJ JLQJLYDO FUHYLFXODU
ÀXLG7KLVFRXOGRFFXUEHFDXVHWKHLQLWLDOZDYH
RIDEVRUSWLRQZDVWDNHQSODFHIURPGD\VDIWHUWKH
DSSOLFDWLRQRIRUWKRGRQWLFIRUFH+RZHYHURWKHU
UHVHDUFKVKRZHGWKDWWKHDVSDUWDWHDPLQRWUDQVIHUDVH
DFWLYLW\LQJLQJLYDOFUHYLFXODUÀXLGLQFUHDVHGGD\V
DIWHUWKHDSSOLFDWLRQRIIRUFH  
7KHUHVXOWVRIVWDWLVWLFDOWHVWVRIWKLVVWXG\VKRZHG
WKDW WKHGXUDWLRQRIRUWKRGRQWLF IRUFHDIIHFWHG WKH
GLVWDQFHRI WRRWKPRYHPHQW0RUHRYHU LW VKRZHG
WKDWWRRWKPRYHPHQWVFDQEHVHHQGD\VDIWHUIRUFH
DSSOLFDWLRQ )XUWKHUPRUH WKHSHDNPRYHPHQWRI
WRRWKZDVDWGD\VDIWHUIRUFHDSSOLFDWLRQDQGDIWHU
WKDWPRPHQWWKHWRRWKPRYHPHQWGHFUHDVHG3UHYLRXV
VWXG\ VWDWHG WKDW WKH LQLWLDOZDYH RI UHVRUSWLRQ
RFFXUUHGDWGD\VDIWHUDSSOLFDWLRQRIRUWKRGRQWLF
IRUFHDQGIROORZHGE\WKHRSSRVLWHDWGD\VDQGWKH
¿QDOZDYHRIUHVRUSWLRQRFFXUUHGDWWRGD\VLQ
OLQHZLWKWKHGDWDSUHVHQWHGLQWKLVVWXG\
7KHDYHUDJHDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVH
DQG WRRWKPRYHPHQW GHFUHDVHG DI WHU  GD\V
DSSOLFDWLRQRIIRUFH7KLVPLJKWEHGXHWRUHGXFWLRQ
LQ IRUFH EHFDXVH RI WKH IRUFH GHFD\V IURP WKH
PRGXOHFKDLQ ,WPLJKWSUREDEO\EHFDXVHKHDOLQJ
RIWLVVXHDURXQGWKHWHHWK7KHUHIRUHDGMXVWPHQWRI
RUWKRGRQWLFDSSOLDQFHVKRXOGEHSHUIRUPHGDIWHU
GD\VDSSOLFDWLRQRIIRUFH
CONCLUSION
7KLV VWXG\ FRQFOXGHG WKDW RUWKRGRQWLF IRUFH FDQ
LQFUHDVH WKHDFWLYLW\RIDVSDUWDWHDPLQRWUDQVIHUDVH
GHWHFWHGLQVDOLYD)XUWKHUPRUHLWDOVRFDQEHFRQFOXGHG
WKDW WKHGXUDWLRQRIRUWKRGRQWLF IRUFHFDQ LQFUHDVH
WRRWKPRYHPHQW DQG DVSDUWDWH DPLQRWUDQVIHUDVH
DFWLYLW\ LQVDOLYD7KHUHZDVDFRUUHODWLRQEHWZHHQ
WKH DFWLYLW\ RI DVSDU WDWH DPLQRWUDQVIHUDVH DQG
WRRWKPRYHPHQWDQGGXUDWLRQRIRUWKRGRQWLF IRUFH
WKHUHIRUHDVSDUWDWHDPLQRWUDQVIHUDVHFDQEHXVHGDV
DQLQGLFDWRURIWKHGXUDWLRQRIRUWKRGRQWLFIRUFHDQG
WRRWKPRYHPHQW
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